sensing ion channels (ASICs) in sensory nerves are responsive to increases in the levels of protons in the extracellular medium. Prior studies suggest that the muscle metabolite, lactic acid, plays a role in reflex sympathetic and cardiovascular responses via stimulation of thin muscle afferent nerves. Also, femoral artery occlusion augments the reflex sympathetic nerve response in rats. ASIC3 is a main subtype to appear in sensory nerves in mediating the response induced by increases in protons in the interstitial space of contracting muscles. Thus, in this article, we hypothesized that femoral occlusion increases the expression of ASIC3 in primary afferent neurons innervating muscles, and this contributes to the exaggerated reflex sympathetic responses. Femoral occlusion/vascular insufficiency of the hindlimb muscles was induced by the femoral artery ligation in rats. First, Western blot analysis shows that 24 -72 h of femoral artery ligation significantly increased the expression of ASIC3 protein in dorsal root ganglion (optical density, 1.0 Ϯ 0.07 in control vs. 1.65 Ϯ 0.1 after 24 h of occlusion, P Ͻ 0.05; n ϭ 6 in each group). There were no significant differences for increases in ASIC3 24 and 72 h postocclusion. Second, experiments using fluorescent immunohistochemistry and retrogradelabeling technique show that a greater percentage of ASIC3 staining neurons are localized in muscle-innervating dorsal root ganglion neurons after the arterial occlusion (78 Ϯ 3% in 24 h post occlusion vs. 59 Ϯ 5% in control, P Ͻ 0.05; n ϭ 6 in each group). Third, the reflex responses in renal sympathetic nerve and arterial blood pressure induced by the stimulation of ASIC were examined after an injection of lactic acid into the arterial blood supply of hindlimb muscles of control rats and ligated rats. The results demonstrate that the sympathetic and pressor responses to lactic acid were significantly augmented after femoral occlusion compared with those in the control group. The data of this study suggest that enhanced ASIC3 expression in muscle afferent nerves contributes to the exaggerated reflex sympathetic and pressor responses to lactic acid as seen in arterial occlusion.
Liu J, Gao Z, Li J. Femoral artery occlusion increases expression of ASIC3 in dorsal root ganglion neurons. Am J Physiol Heart Circ Physiol 299: H1357-H1364, 2010. First published September 17, 2010; doi:10.1152/ajpheart.00612.2010.-Acid-sensing ion channels (ASICs) in sensory nerves are responsive to increases in the levels of protons in the extracellular medium. Prior studies suggest that the muscle metabolite, lactic acid, plays a role in reflex sympathetic and cardiovascular responses via stimulation of thin muscle afferent nerves. Also, femoral artery occlusion augments the reflex sympathetic nerve response in rats. ASIC3 is a main subtype to appear in sensory nerves in mediating the response induced by increases in protons in the interstitial space of contracting muscles. Thus, in this article, we hypothesized that femoral occlusion increases the expression of ASIC3 in primary afferent neurons innervating muscles, and this contributes to the exaggerated reflex sympathetic responses. Femoral occlusion/vascular insufficiency of the hindlimb muscles was induced by the femoral artery ligation in rats. First, Western blot analysis shows that 24 -72 h of femoral artery ligation significantly increased the expression of ASIC3 protein in dorsal root ganglion (optical density, 1.0 Ϯ 0.07 in control vs. 1.65 Ϯ 0.1 after 24 h of occlusion, P Ͻ 0.05; n ϭ 6 in each group). There were no significant differences for increases in ASIC3 24 and 72 h postocclusion. Second, experiments using fluorescent immunohistochemistry and retrogradelabeling technique show that a greater percentage of ASIC3 staining neurons are localized in muscle-innervating dorsal root ganglion neurons after the arterial occlusion (78 Ϯ 3% in 24 h post occlusion vs. 59 Ϯ 5% in control, P Ͻ 0.05; n ϭ 6 in each group). Third, the reflex responses in renal sympathetic nerve and arterial blood pressure induced by the stimulation of ASIC were examined after an injection of lactic acid into the arterial blood supply of hindlimb muscles of control rats and ligated rats. The results demonstrate that the sympathetic and pressor responses to lactic acid were significantly augmented after femoral occlusion compared with those in the control group. The data of this study suggest that enhanced ASIC3 expression in muscle afferent nerves contributes to the exaggerated reflex sympathetic and pressor responses to lactic acid as seen in arterial occlusion. sensory neuron; acid-sensing ion channel-3; muscle afferents; peripheral arterial disease DURING STATIC EXERCISE, arterial blood pressure and sympathetic nerve activity are increased to maintain an adequate perfusion of metabolically active muscles (21, 26, 42, 47, 49) . The exercise pressor reflex is believed to partly contribute to the pressor and sympathetic responses to static exercise (35, 38) . The afferent arm of the reflex consists of group III and IV thin fiber nerves (20, (22) (23) (24) . Metabolite-sensitive receptors on thin fiber muscle afferent nerves are stimulated when the concentrations of interstitial metabolites (such as lactic acid and ATP) increase during muscle contraction or ischemia (21, 47) . Cardiovascular diseases can alter the reflex responses in the processing of muscle afferent signals via the receptors of sensory nerves (42, 47, 49, 57) .
Peripheral arterial disease (PAD) affects lifestyles in 20% of adults who are older than 55 years (6, 40, 43, 44) . The narrowing of blood vessels of the lower limbs, mainly due to atherosclerotic vascular disease, is a main cause of PAD (1) . Intermittent claudication is the most common symptom of this disease, and it regularly occurs during physical activity but is relieved promptly by rest (44) .
A rat model of femoral arterial occlusion is well established to study occlusive PAD (56) , because the ligated rats exhibit nearly normal flows at rest but impaired limb blood flow reserve capacity with exercise. A prior study demonstrates that femoral artery occlusion increases the reflex sympathetic nerve and pressor responses to stimulation of metabolically sensitive transient receptor potential vanilloid type 1 (TRPV1) (57); however, the mechanisms at the levels of the receptors of sensory nerves remain largely unknown. Published work suggests that muscle metabolite, lactic acid, and acid-sensing ion channels (ASICs) play a role in muscle afferent-mediated reflex cardiovascular responses to static muscle contraction (9, 13, 14, 36, 37) .
ASICs are members of a family of amiloride-sensitive sodium channels and considered as molecular sensors in afferent neurons (16, 29, 30, 39, 41, 50, 60) . They are almost ubiquitous in the mammalian nervous system and are activated as pH drops below 7.0. There are six different proteins of ASICs, ASIC1a, -1b, -2a, -2b, -3, and -4, encoded by four genes (ASIC1, -2, -3, and -4). The ASIC3 protein, however, is mostly found in dorsal root ganglia (DRG) where it forms functional channels (29, (53) (54) (55) that are opened by proton concentrations found during exercise.
On the basis of those data, we tested the hypothesis that the levels of ASIC3 protein are increased in primary afferent DRG neurons innervating the hindlimb muscles of rats with femoral artery occlusion. We further speculated that alterations in ASIC3 contribute to the exaggerated reflex sympathetic and pressor responses to injection of lactic acid into the arterial blood supply of the hindlimb muscles.
METHODS
All experimental procedures were approved by the Institutional Animal Care and Use Committee of Pennsylvania State College of Medicine and complied with the National Institutes of Health (NIH) guidelines.
Animal model of femoral artery occlusion. Arterial occlusion was induced by femoral artery ligation in male Sprague-Dawley rats (5-7 wk old) as described previously (57, 58) . In brief, after rats were anesthetized by inhalation of an isoflurane-oxygen mixture (2-5% isoflurane in 100% oxygen), the femoral artery was surgically exposed, dissected, and ligated ϳ3 mm distal to the inguinal ligament. Sham-operated control limbs underwent the same procedure as described above except that a suture was placed below the femoral artery but was not tied. In experiments using the Western blot analysis and immunocytochemistry, the ligature was performed on one leg and the sham-operated control procedure was performed on another leg. The rats were allowed to recover 6, 24, and 72 h before the experiments were started.
Western blot analysis. First, lumbar (L4 -L6) and cervical DRGs of control and occluded limbs of 20 rats were removed. All DRGs tissues from individual animals were then sampled for the Western blot analysis. Total protein extracts were then prepared by homogenizing DRGs in ice-cold radioimmunoprecipitation assay buffer containing 25 mM Tris·HCl (pH 7.6), 150 mM NaCl, 1% Nonidet P-40, 1% sodium deoxycholate, and 0.1% sodium dodecyl sulfate (SDS) with protease inhibitor cocktail kit (Sigma-Aldrich, St. Louis, MO). After being vortexed, the lysates were centrifuged at 15,000 g for 15 min at 4°C, and the supernatants were collected and stored in Ϫ80°C before being used.
Protein concentrations of the DRG samples were determined using the bicinchoninic acid assay reagent kit (Pierce Biotechnology, Rockford, IL) with bovine serum albumin as a standard. Accordingly, at each time, 20 g of protein was denatured by heating at 95°C for 5 min in an SDS sample buffer (Cell Signaling Technology, Danvers, MA), loaded onto 10 -12% SDS-polyacrylamide gels and then transferred electrically to a polyvinylidene fluoride membrane. The membrane was blocked in 5% (wt/vol) nonfat milk in 0.1% Tween-TBS buffer for 1 h and was then incubated overnight with primary antibody: rabbit anti-ASIC3 and mouse anti-␤-actin (Sigma-Aldrich). Anti-␤-actin antibody was used to show equal loading of the protein in the Western blot analysis.
The membranes were incubated with horseradish peroxidase-linked anti-rabbit and anti-mouse secondary antibody at 1:1,000 dilutions and visualized for immunoreactivity using an enhanced chemiluminescence system (Cell Signaling Technology). According to prior studies (5, 31), a modified method was used for the reading of an arbitrary densitometry unit. The optical density was first obtained using the NIH Scion image Software, and values for densities of ASIC3 immunoreactive bands/␤-actin band densities from the same lane were determined. Each of the values was then normalized to a control sample.
Retrograde labeling of DRG neurons. DRG neurons innervating muscle were labeled by injecting a fluorescent retrograde axonal tracer, Fluoro-Gold (FG; Fluorochrome, Denver, CO), into the gastrocnemius muscle of both control and occluded limbs of six rats (39, 48) . FG (4% in saline) was injected into the muscle at 10 different locations. The volume of each injection was 1 l. The injection needle was placed in the muscle for 5-10 min to prevent the leakage of the tracer. A week was allowed for FG to be transported. In this experiment, the ligation surgery was performed 24 h before the removal of DRG tissues.
Tissue preparation. The rats was anesthetized by inhalation of an isoflurane-oxygen mixture and then transcardially perfused with 200 ml of ice-cold saline containing 1,000 units heparin followed by 500 ml of 4% freshly prepared ice-cold paraformaldehyde in phosphatebuffered saline (PBS, pH 7.4). L4 -6 DRGs of control and occluded limbs were immediately dissected out and immersed in the same fixative at 4°C for 2 h. The tissues were then stored in PBS containing 30% sucrose overnight for cryoprotection and embedded in TissueTek (Sakura Finetek, Torrance, CA) onto dry ice. A cryostat was used to obtain 10 m of DRG sections. The sections were then mounted onto microscope slides and dried at room temperature.
Immunohistochemistry. DRG sections were fixed in 4% of paraformaldehyde in PBS for 10 min at room temperature. After being washed with PBS, the tissue were permeabilized, blocked in 0.3% Triton X-100 in PBS supplemented with 5% goat serum for 1 h, and then incubated with guinea pig polyclonal anti-ASIC3 (1:250, Neruomics, Edina, MN) antibody overnight at 4°C. After being washed in PBS (3 ϫ 5 min), the sections were incubated with goat anti-guinea pig fluorescein isothiocyanate (FITC)-labeled secondary antibody (1:200) for 2 h at room temperature. The sections were washed in PBS and coverslipped in Vectashield-mounting medium (Vector, Burlingame CA). Immunostaining was then examined under a Nikon Eclipse 80i microscope equipped with a digital camera (Nikon, Tokyo, Japan).
FG and FITC-labeled DRG neurons were examined using a Nikon Eclipse 80i microscope with appropriate filters, and the images were stored digitally on a computer. At least five sections containing L4 -6 DRGs per rat were randomly chosen for analysis of FG and FITC staining intensity. A threshold value of staining intensity was set according to the mean staining intensity of background using the Nis-Elements software (Nikon,). Cells with Ͼ1.75 times of background intensity were considered to be positive (10, 57) . The number of total ASIC3 immunostaining and FG-positive neurons was counted in each section. The percentages of double (FG and FITC)-labeled neurons were calculated: total number of double-labeled cells ϫ 100/total number of FG-positive cells. Given that thin fiber afferent nerves are engaged in the reflex pressor response (20, (22) (23) (24) and that the majority of small-diameter and a proportion of large-diameter DRG neurons have axons that conduct in the group III and IV range (12, 15) , the DRG neurons with Ͻ35 m of diameter were selected and counted for analysis of double labeling. Note that the majority of DRG neurons showed a clear nucleus and perimeter and were counted (5, 48) . To minimize the possibility of counting a single DRG neuron more than once, DRG sections were collected on five glass slides in series, and the tissues from one of the slides were processed for immunocytochemical analysis.
Recording of reflex cardiovascular and sympathetic responses. The eight sham-operated control rats and six rats with 24 h of the femoral artery occlusion were anesthetized by inhalation of an isofluraneoxygen mixture. As described previously, the animals were artificially ventilated (10, 28, 57) . Catheters were inserted into an external jugular vein and the carotid arteries for the purposes of drug administration and measurement of arterial blood pressure. Catheters were inserted into the femoral arteries for injection of drugs into the arterial blood supply of the hindlimb muscles. A bundle of the renal nerves were carefully dissected from other connective tissues. A piece of laboratory film was placed under the isolated nerves, and two tips of a bipolar electrode to record neural activity were placed between the nerves and the film. These were embedded in a silicone gel fixed to the surrounding tissue. The renal sympathetic nerve activity (RSNA) signal was amplified with an amplifier (P511, Grass Instruments) and recorded. During the experiments, a continuous infusion of physiological saline was established to maintain fluid balance and basal blood pressure. Body temperature was carefully maintained at 37.5-38.5°C by a heating pad and external heating lamps.
To avoid the confounding effects of anesthesia on the reflex pressor response, decerebration was performed as previously described (10, 28, 57) . A transverse section was made anterior to the superior colliculus and extending ventrally to the mammillary bodies. The brain rostral to the section was then removed. Once the decerebration was completed, anesthesia was removed from the inhaled mixture. A recovery period of 60 min was allowed after the decerebration was completed.
The purpose of this experiment was to determine the sympathetic and pressor responses to activation of the proton receptor in shamoperated control rats and occluded rats. Lactic acid (1, 2, and 4 mol/kg body wt) was injected into the blood supply of the tricep's surae muscle. The injected amount was adjusted by adding 5-20 mM of lactic acid into 0.1-0.2 ml of saline (injected volume) according to the animal's body weight. The concentrations of lactic acid were selected on the basis of the results of a prior study (28, 59 ). The duration of the injections was 1 min. At least 20 min were allowed between injections.
Experimental data and statistical analysis. All measured variables were continuously recorded and stored on a computer that used the PowerLab system (ADInstruments, Castle Hill, Australia). Arterial blood pressure was measured by connecting the carotid arterial catheter to a pressure transducer. Mean arterial pressure (MAP) was obtained by integrating the arterial signal with a time constant of 4 s. Heart rate (HR) was determined from the arterial pressure pulse. The peak responses of MAP and HR were determined by the peak change from the control value. RSNA signals were transformed into absolute values, integrated over 1-s intervals, and subtracted by the 1-s integrated background noise. To quantify the sympathetic responses to experimental interventions, basal values were obtained by taking the mean value for the 30 s immediately before each intervention and by ascribing the mean value of 100%, and relative changes from baseline during and after the intervention were then evaluated.
Experimental data were analyzed using SAS 9.13 for Windows (SAS Institute, Cary, NC). Comparisons of variables for ASIC optical density, MAP, and RSNA responses were performed using one-way ANOVA, followed by Tukey post hoc test as appropriate. Comparisons of variables for percentage of double-labeled neurons were made using Student's t-test. A value of P Ͻ 0.05 was considered significant.
RESULTS

ASIC3 expression in DRG neurons.
The expression of ASIC3 proteins in L4 -L6 DRG neurons of sham-operated control and occluded rats was examined using Western blot analysis. Figure 1 shows that ASIC3 expression was increased 6 h (n ϭ 3) after femoral artery ligation, but this was not significantly different than that in the control (n ϭ 6). Figure 1 further shows that 24 (n ϭ 6) and 72 h (n ϭ 5) of femoral occlusion significantly elevated ASIC3 expression compared with that in the control. However, there were insignificant differences in the levels of ASIC3 proteins 24 and 72 h after the ligation. Thus 24 h of ligation was used for other groups of experiments in this report. Figure 2 demonstrates typical blots of ASIC3 expression and average data in bilateral L4 -L6 and cervical DRG neurons 24 h after femoral occlusion. Arterial occlusion significantly increased the expression of ASIC3 in lumber DRG neurons of occluded leg but not in lumber DRG of control leg and cervical DRG of both legs. After 24 h of ligation, the intensity of the ASIC3 signal in lumbar DRG neurons was ϳ1.6-fold greater than that in sham-operated control (optical density, 1.65 Ϯ 0.1 after occlusion vs. 1.0 Ϯ 0.07 in control, P Ͻ 0.05; n ϭ 6 in each group).
Colocalization of ASIC3 and retrograde tracer FG. In this experiment, we further determined whether an upregulation of ASIC3 induced by femoral artery occlusion appears in the DRG neurons' innervating hindlimb muscles. Retrograde tracing and immunofluorescence techniques were combined to examine the DRG neurons' colocalization of fluorescent ASIC3 immunoreactivity and FG previously injected into the hindlimb muscles.
The appearance of the retrogradely transported label FG and ASIC3 within DRG neurons is characterized by a fluorescent blue and green color, respectively (Fig. 3A) . The photomicrographs (Fig. 3A) also show that ASIC3 staining predominantly appears in small-and medium-size cells and that only a small portion of large-diameter DRG neurons were ASIC3 positive.
The double labels were restrained within small-and mediumdiameter DRG neurons. Figure 3A further shows that FG labels appear in ASIC3-positive DRG neurons in control and experimental groups. The number of double-labeled neurons/section is 14 Ϯ 2 in six control limbs and 19 Ϯ 1 in six occluded limbs (P Ͻ 0.05 vs. control). Our results further show that the number of FGpositive neurons/section is 24 Ϯ 2 and 25 Ϯ 4 (P Ͼ 0.05 vs. control, n ϭ 6 for each group) and that the number of ASIC3-positive neurons/section is 35 Ϯ 4 and 48 Ϯ 3 (P Ͻ 0.05 vs. control; n ϭ 6 for each group). Nevertheless, the percentage of double-labeled neurons with FG and ASIC3 was significantly greater in the occluded limbs than that in controls. They were 59 Ϯ 5% in controls (n ϭ 6) and 78 Ϯ 3% (P Ͻ 0.05 vs. control) in the ligation group (n ϭ 6). Figure 3B presents the percentage of double-labeled neurons in both experimental groups. 
Cardiovascular and sympathetic responses to arterial injection of lactic acid.
Baseline values for MAP and HR before arterial injections of lactic acid are 123 Ϯ 8 mmHg and 400 Ϯ 22 beats/min in control rats (n ϭ 8), respectively, and 115 Ϯ 10 mmHg and 413 Ϯ 20 beats/min in occluded rats (n ϭ 6), respectively. There were no significant differences in basal MAP and HR before injections. Figure 4 , A (typical recordings) and B (average data), shows that 24 h of vascular insufficiency of the hindlimb muscle enhances RSNA and blood pressure responses evoked by lactic acid. The RSNA and MAP responses to arterial injection of lactic acid (4 mol/kg body wt) were 38 Ϯ 3% and 20 Ϯ 2 mmHg in eight control rats, respectively, and 55 Ϯ 4% and 33 Ϯ 4 mmHg in six occluded rats (P Ͻ 0.05 occlusion vs. control), respectively. Note that femoral occlusion did not significantly alter HR responses evoked by an arterial injection of lactic acid. In a subset of experiments, a prior injection of amiloride (6 g/kg) significantly attenuated the pressor response to 4 mol/kg of lactic acid. Without and with prior amiloride the MAP response to lactic acid was 18 Ϯ 5 and 8 Ϯ 3 mmHg (P Ͻ 0.05, in 3 control rats), respectively, and 29 Ϯ 5 and 12 Ϯ 4 mmHg (P Ͻ 0.05, in 4 occluded rats), respectively.
DISCUSSION
The purpose of our experiment was to determine whether ASIC3 on muscle afferents plays a role in the augmented sympathetic responsiveness evoked by femoral artery ligation. We first examined the total expression of ASIC3 protein in the DRG of sham-operated control rats and rats with the femoral artery occlusion using a Western blot assay. Femoral artery occlusion (24 to 72 h) significantly increased the levels of ASIC3 in lumbar DRG neurons. The densitometrical analyses demonstrate that the expression of ASIC3 proteins was elevated ϳ1.6-fold higher after 24 h of occlusion than that in the freely perfused (control) group. Note that the occlusion significantly increased the expression of ASIC3 in lumbar DRG neurons of occluded leg, but not in lumbar DRG of control leg and cervical DRG of both legs. Our results suggest that arterial occlusion was unlikely to affect the expression of ASIC3 outside the lumbar DRG of the occluded limb.
We next examined whether ASIC3 immunostaining appears in the DRG neurons' innervating the hindlimb muscles using retrograde labeling and fluorescence immunohistochemical techniques. The data show that a greater percentage of ASIC3-positive staining was localized in muscle-innervating DRG neurons in rats with femoral artery occlusion than in control rats. Thus it is likely that the levels of ASIC3 proteins are increased by femoral occlusion in DRG neurons that receive sensory inputs of the hindlimb muscles.
Furthermore, we examined the effects of occlusion on RSNA and blood pressure responses evoked by injecting lactic acid into the arterial blood supply of hindlimb muscles. Our data demonstrate that as acid receptors were stimulated, the reflex responses were augmented in rats following the femoral artery occlusion compared with a control group. Note that a blockade of ASIC receptors attenuates lactic acid and muscle contraction-mediated pressor response (9, 13, 14, 36, 37) . In addition, prior studies have reported that ASIC3 is a dominant subunit in forming functional H ϩ -gated channels in DRG (53) (54) (55) . Taken together, our findings suggest that ASIC3 is likely to contribute to femoral occlusion-augmented sympathetic responsiveness to the activation muscle afferent nerves. Nevertheless, we cannot exclusively rule out an engagement of other ASIC subunits in arterial occlusion-evoked enhancement in the muscle reflex.
The activation of thin fiber muscle afferents increases blood pressure and HR via a reflex mechanism (20, 35, 38) . The afferent arm of the reflex is composed of mechanically sensitive group III and metabolically sensitive IV afferents (20, (22) (23) (24) . As the endings of afferents are activated by both mechanical and metabolic stimuli arising in contracting muscles, the exercise pressor reflex is activated (22, 23) . Metabolic by-products of muscle contraction including lactic acid accumulate in the interstitium of muscles which, in turn, activate receptors on muscle afferent nerves and evoke the exercise pressor reflex (21, 47) . Under conditions of hindlimb ischemia, the reflex responses to contraction are amplified. For example, 72 h of femoral occlusion augments the blood pressure response to static muscle contraction in rats (52) . The stimulation of TRPV1 receptors induced by an injection of capsaicin into the arterial blood supply of the hindlimb muscles also increases sympathetic and pressor responses to a greater degree in occluded rats than in control rats (57) .
Patients with PAD suffer a disruption in the blood flow in exercising limbs (40, 44) . This decreases the transport of nutrients and oxygen into metabolizing tissues as well as slows the removal of waste products from the exercising muscles. In this disease, when compensatory mechanisms such as vasodilation, development of collateral vessels, and anaerobic metabolism (40, 44) cannot meet the oxygen demand of tissue, ischemia develops. Prior studies reported that autonomic responses are enhanced during exercise in PAD patients (2, 3) .
The accumulation of lactic acid and the activation of acidsensitive afferent nerves in skeletal muscle contribute to the reflex cardiovascular responses to static muscle contraction (32, 45, 46) . Under the circumstances of inadequate blood supply, an increase in lactic acid in muscles leads to acidification of the extracellular space. Acidosis appears in tissues with ischemia (51, 60) . Of note, capsaicin-induced reflex pressor response is greater as the muscle interstitium is made more acidic (pHϽ6.6) by an infusion of lower pH solution into the femoral artery of rats (9) . This prior study also suggests that the effects of lower pH solutions are mediated via ASICs (9). Blocking ASICs receptors using amiloride and more selective antagonist A-317567 (8, 27 ) also attenuated the pressor response evoked by static exercise and by arterial injection of lactic acid into the hindlimb muscles (13, 28, 37) . Accordingly, acid sensing has been considered as an important nature of sensory neurons with thin fiber afferents and plays an important role in mediating metabolic responses to muscle contraction (37, 39) . The results of our present study further confirm the role played by ASICs in engagement of the pressor response to lactic acid. Given that ASIC3 specifically appears in the DRG neurons and responsive to proton (29) , it is well reasoned that as the femoral artery is occluded, enhanced sympathetic responsiveness to lactic acid is related to greater levels of ASIC3 proteins in the DRG. Recent studies suggest that ASICs participate in the metabolic component but not the mechanoreceptor component of the exercise pressor reflex in cats (36, 37) . Also, a prior investigation supports the idea that ASIC3s are unlikely to contribute to mechanically activated currents in mammalian sensory neurons (7) . Based on the experimental results of the ionic property and distribution of ASIC3 receptors, ASIC3 is likely to play a role in engagement in the exercise pressor reflex when muscles are ischemic. First, the ASIC3 receptors are activated with pH ranges that are seen in ischemic muscles (19, 60) . Second, lactate can enhance ASIC3 sensitivity to protons (17, 18) . Thus ASIC3 is a suitable sensor for lactic acidosis as muscles undergo anaerobic metabolism. Third, ASIC3 is a dominant ASIC subunit, preferentially localized in DRG neurons of thin fiber afferent nerves (53) (54) (55) . Finally, the data of our present study demonstrate that more ASIC3-positive immunostaining appears in small diameter of DRG neurons innervating the hindlimb muscles after femoral occlusion.
Our present study revealed that the time courses of enhanced ASIC3 and TRPV1 responses are similar following femoral occlusion. Also, the expression of both ASIC3 and TRPV1 receptors largely appear in small diameter of DRG neurons, supporting the idea that ASIC and TRPV1 coexist in the processing of muscle afferent signals. A blockade of ASIC attenuates the pressor response induced by an arterial injection of capsaicin into the hindlimb muscles with acidic interstitium (9) . These data also provided evidence that ASICs contribute to the muscle metaboreflex, and as the extracellular milieu is more acid, TRPV1 may play a role. Alterations in ASIC3 and TRPV1 expression and their responsiveness are likely cooperatively engaged in the exaggerated sympathetic and cardiovascular responses during exercise seen in an animal model of femoral artery occlusion and in PAD patients.
It has been reported that rats with the femoral artery ligation exhibit nearly normal flows at rest but impaired limb blood flow reserve capacity with exercise (56) . An additional study further demonstrates that no significant differences are seen in the resting levels of intramuscular pH in sham-operated control limb and ligated limb of rats 12 h and 4, 7, and 14 days after the surgery (4). This result is in agreement with the findings in PAD patients, suggesting that muscle pH is not altered in symptomatic legs (11, 25) . The same rat model was employed to study sensory neurons' ASIC3 expression in our current report. We postulate that at rest, muscle pH in the occluded limb and systemic pH were unlikely to be altered 24 -72 h after the ligation surgery. However, our results demonstrate that 24 and 72 h of the ligation increases ASIC3 expression in DRG neurons, suggesting that there might be lack of a direct correlation between resting muscle pH and femoral occlusionenhanced ASIC3. The mechanisms by which ASIC3 is promoted need to be determined. It should be noted that during exercise, blood flow directed to the ligated limb of rats is attenuated (56) and intramuscular pH of the ligated limb and symptomatic leg of PAD patients is decreased to a greater degree (4). Thus we speculate that the exaggerated pH response is likely to upregulate ASIC3 expression after femoral artery occlusion. Moreover, prior studies suggest that nerve growth factor (NGF) is responsible for basal ASIC3 expression of DRG neurons via TrkA-activated phospholipase C/protein kinase C pathway (33, 34) . This process may contribute to inflammation-induced sensitization to pain (33) . Our prior data have shown that arterial occlusion significantly elevates the levels of NGF in DRG neurons 24 and 48 h after the ligation surgery (58) . The time courses of enhanced ASIC3 and NGF responses are similar following femoral occlusion. Also, we speculate that the relationship between NGF and ASIC3 with arterial occlusion is similar to what is noted in the presence of inflammation. It is likely that arterial occlusion-induced NGF increase upregulates the expression of ASIC3 in DRG neurons. In addition, our results show that arterial occlusion significantly increases the expression of ASIC3 in lumber DRG neurons of the ligated leg but not in lumber DRG of the control leg and cervical DRG of both legs of the same rats. This suggests that that the effects of ligation are unlikely to be systemic but likely to be localized in the occluded leg.
One limitation of this study is that we cannot exclude a possibility that there was leakage of FG to the joints, skin, or other nonskeletal muscle tissue. The DRG cells identified as having the ASIC3 receptor protein in this experiment may innervate skin and joints in addition to hindlimb skeletal muscle. Given that there is considerable thin fiber innervation of the joints and skin, those afferents are likely to be affected by femoral occlusion and involved in the augmented sympathetic response to lactic acid. To minimize the sensory response from cutaneous afferents in the hindlimb, the skin covering the triceps surae muscle and femoral region was surgically separated from the muscles below in the reflex experiment. Nevertheless, it cannot be ruled out that the injection of lactic acid stimulated afferents from joints and other tissue in the hindlimb in contribution to the sympathetic and pressor responses.
In addition, prior studies suggest that the majority of smalldiameter and a proportion of large-diameter DRG neurons have axons that conduct in the group III and IV range (12, 15) . We selectively counted the DRG neurons with Ͻ35 m of diameter for analysis of double-labeling cell bodies in this study. However, there is a lack of strong evidence to support that there is a powerful correlation between cell body size and afferent fiber type (i.e., group III and IV) (15) . ASIC3 is expressed in small-and large-diameter DRG cells (39) . Thus it should be noted that DRG cells analyzed in this study might not exclusively represent the cells that innervate thin fiber afferents. Nonetheless, in a cat study, the discharge of group IV and blood pressure are significantly increased after arterial injection of lactic acid and the effects are attenuated after blocking ASICs (14) . This result suggests that stimulation of ASICs on thin fiber afferent nerves contributes to the reflex pressor response to lactic acid.
In conclusion, the results of the present study demonstrate that ASIC3 receptors are upregulated in DRG neurons following femoral artery ligation and that elevated ASIC3 proteins are localized in muscle-innervating afferent nerves, especially in small to medium diameter of neurons. Stimulation of afferent's ASICs receptors with lactic acid augments responses of sympathetic nerve activity and arterial blood pressure in animals with femoral occlusion. These findings suggest that ASIC3 plays an important role in augmented sympathetic responsiveness, as blood supply to the hindlimb muscle is insufficient.
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